Abstract: This article presents the integrated approach to sustainable land use management based on the assessment of land use and related land cover changes. Land use changes are conditioned by human activities producing changes in landscape cover and initiating processes which cause many environmental problems. It is therefore important to determine the drivers and causality of landscape changes which can then be negated to ensure sustainable land use management. The integrated landscape research approach is based on understanding landscape as a geo-ecosystem with natural, human, cultural, and historical potential. Our aim is to define the aspects of land use management which can regulate social development. The proposal for optimal land use is based on the interaction between natural capital, represented by the supply of natural regional resources and environmental conditions as well as demand represented by community need for development. The conflict between the supply of natural capital and demands lacking respect for landscape resources is an important determining factor in environmental and human problems. The integrated approach is focused on long-term rational utilization of the natural and cultural-historical resources, urban development, and the elimination of current environmental and socioeconomic problems as well as the prevention of new ones. Multi-criteria analysis is required for final environmental decision-making.
Introduction
Sustainability is an essential precondition for the continued existence of human society. The issue of sustainable land use has increasing importance because of accumulated environmental problems. These include increased demand for natural resources, climate change, regional climate extremes, the threat of environmental pollution, biodiversity loss, disturbed landscape stability, economic globalization, energy security, water supply, and increasing conflicts between sociocultural, political-economic, and environmental goals [1, 2] .
Approaches and definitions of sustainable land use development on a global scale are numerous, heterogeneous, and based on a variety of aspects. The most frequently quoted definition is the Brundtland Report's "Our Common Future"-"development that meets the needs of the present without compromising the ability of future generations to meet their own needs" [3] . Sustainability is the foundation of today's leading global framework for international cooperation described in the 2030 Agenda for Sustainable Development and its Sustainable Development Goals (SDGs) [4] . Most definitions stress that sustainable development requires socioeconomic development which preserves the principles of sustainable land use and respects the natural and cultural-historical
• the need to ensure and improve spatial stabilization of the territory. The stated criterion here is the demand to achieve biological balance in the country; • needs for nature protection and rational utilization of natural resources; in particular, the protection of the land, water, forests, and gene pool; • needs for the protection of cultural and historical resources; • needs for the regeneration of human resources and the protection of human health; • demands on the humanization and aesthetic appeal of the landscape.
These requirements incorporate the fundamental principles of sustainable societal development. Sustainable development accentuates caring for the Earth by putting sustainable living principles into practice and integrating conservation and development: the conservation to maintain human actions within the Earth's capacity and the development to enable people everywhere to enjoy long, healthy, and fulfilling lives [7] .
Land use and land cover are interconnected, as land use initiates land cover changes [8] . Land cover is continually transformed by anthropogenic land-use influences on the properties, processes, and components of service provision. Changes in land use or management will therefore change service supply, not only for specific services but for the complete array of services provided by that (eco)system [9] . It is therefore important to study not only land use and land cover changes, but also to assess all drivers of land use change; the position and correlation of landscape elements; causality and the consequence and impacts of such changes. The main driving forces of land use are political, economical, cultural, technological, and natural [10] [11] [12] .
It is not possible to evaluate and propose optimal land use based on one landscape parameter. We must therefore examine the relationships between the different landscape features and emphasize that all decision-making should apply an integrated approach based on understanding landscape as a geo-ecosystem. Landscape is envisaged in integrated scope, combining all layers of the following resources; the geological base, water and soil, climate, and biotic and morphometric parameters [13] . The geo-ecosystem encompasses a complex system of space, position, relief, and all other functionally interconnected physical landscape features of the geo-sphere where man and other organisms live and act. These features of each landscape elements comprise natural, semi-natural, and anthropogenic ecosystems [14, 15] . Integrated approaches to sustainable land use management are therefore based on assessing the natural capital and human interaction aspects of landscape structure using appropriate landscape evaluation approaches, as well as multi-scale analysis and modeling [10, [13] [14] [15] [16] [17] [18] [19] . The effects of individual land use changes over a particular time period determine a study area's rate of sustainability of coexistence between nature and social subsystems. Sustainable land use management must be based on integrated landscape research in the three basic dimensions: environmental, social, and economic. Moreover, analysis of connections and dependencies between these dimensions should aim to define the type of management that will regulate socioeconomic land use development and maintain its natural, human, cultural, and historical potential.
The aim of this study is to develop an integrated approach to sustainable land use management based on the understanding of landscape as geo-ecosystem including different landscape features. The focus is on long-term rational use of the natural and cultural-historical resources, the elimination of current environmental and socioeconomic problems, and the prevention of new ones. These approaches are generally well-recognized, but their application to land use has been inadequate. The specific goals concentrate on developing a method of decision-making for sustainable land use based on limit-setting, establishing the degree of anthropogenic changes, and identifying the type and intensity of environmental problems in a given territory. Determination of these specifics leads to proposals for eliminating the negative factors that influence the area. This methodological approach is applied in the case study of the Trnava region of Slovakia.
Methods

Methodological Approach
The integrated approach to sustainable land use management is a coherent system of interrelated steps, which can be modified based on the type and scale of the study area. The methodology focuses on decision-making processes based on confrontation and subsequent proposal for harmony in (1) the supply of landscape properties as natural capital and complex natural resources and (2) the demands and influences of human activities (Figure 1 ). identifying the type and intensity of environmental problems in a given territory. Determination of these specifics leads to proposals for eliminating the negative factors that influence the area. This methodological approach is applied in the case study of the Trnava region of Slovakia.
Methods
Methodological Approach
The integrated approach to sustainable land use management is a coherent system of interrelated steps, which can be modified based on the type and scale of the study area. The methodology focuses on decision-making processes based on confrontation and subsequent proposal for harmony in (1) the supply of landscape properties as natural capital and complex natural resources and (2) the demands and influences of human activities (Figure 1 ). The approach for applying sustainable land use is therefore based on the methodology of landscape ecological planning [7] (Figure 2 ). This is one of Agenda 21's recommendations for the integrated protection of natural resources, and has the following steps:
I. Analysis
The principal objective of analysis is to choose, quantify, and describe the main features of landscape elements which define and map the abiotic, biotic, and socioeconomic features of a given territory. The most important analyses are:
• analysis of geomorphological features, geological, hydrological, soil, and climatic conditions. This establishes the properties of abiotic complexes in the territory.
• analysis of fauna and flora and their conditions determines the properties of the biotic complexes.
• analysis of the socioeconomic activities and their negative influences supplies the properties of the socioeconomic complexes. The approach for applying sustainable land use is therefore based on the methodology of landscape ecological planning [7] (Figure 2 ). This is one of Agenda 21's recommendations for the integrated protection of natural resources, and has the following steps:
• analysis of the socioeconomic activities and their negative influences supplies the properties of the socioeconomic complexes.
Data was obtained from several databases, sectoral statistics, and available mapping sources. These features can have different relationships to individual human activities which support their development or restrict or limit it. It is necessary to initially concentrate on the basic selection of landscape features which definitively influence the location of human activities in a given area. Our choice is inextricably bound to the aims of the task, the degree of processing, and the specifics of the territory. This then provides maps in ArcGIS 10.1., which identify the abiotic, biotic, and socioeconomic conditions of the study area.
Specification of human activities requires detailed analysis of the demands of all forms of human activity on the landscape. These include all activities involved in industry, agriculture, forestry, water economy, urban development, tourism, and nature protection. It is also necessary to specify the results and risks associated with their performance. Miklós and Izakovičová [20] stress the performance of the following individual activities in the landscape:
• areas used for building construction and complexes, industrial and agricultural complexes, and communication lines and facilities.
• extensive use of the landscape for agriculture and forestry.
• definition of functional zones and protected areas. These include recreational zones and areas protected for soil and water resources and nature.
•
The pressures connected with the performance of these activities can also initiate atmospheric pollution and soil and water contamination.
II. Synthesis
Synthesis involves the interaction of individual features which create homogeneous areas with different combinations of abiotic, biotic, and socioeconomic features fully integrated in the regional geo-ecosystem. Synthesis herein is achieved by the spatial superimposition of GIS analytic maps.
III. Evaluations
Evaluation establishes the regulations for specific human activities through justification and limit-setting on landscape elements and features involved in human activities. Discrete knowledge of regional landscape vulnerability and specification of regulated environmental limits and restrictions create the basis for decisions to permit specific human activities in a given area, to accept them with provisos, or to exclude them entirely [21] . Comparative research into spatial planning systems typically adopts a structural/legal approach and an integrated perspective embracing system structure and concrete planning practices. Sensitive discourse on planning theory towards culturally-oriented interpretation lies at the heart of appropriate decision-making [22] . The expression of spatial limits confronts landscape ecological complexes with proposed human activity. This enables the mapping of regulations for spatial limits and restrictions on the development of human activities. The limiting values of different landscape features occur in different combinations, where limiting and restricting values from any given combination determine the possibility and advisability of locating a particular activity in a given area. If one landscape feature is above the limit, the particular activity is not possible in the given area. Superimposition of the limiting values of all chosen features provides a comprehensive map of limits which decides:
• activities possible in the given area. This includes multiple ranking of suitability from different perspectives.
• activities not possible in the given area.
• limits and restrictions, including a combination of limits and restrictions, required to exclude particular activities from target localities.
IV. Propositions
The proposal for ecologically optimal land use is as follows. It is necessary to determine functions for each area not limited or restricted by landscape features. This establishes functions harmonious with the natural and socioeconomic conditions of the region and also satisfies societal development needs. Environmental decision-making involves the identification and comparison of different alternatives based on multiple objectives and criteria. Here, multi-criteria analysis (MCA) provides the framework for integrating factual information on stakeholders' preferences, values, and associated impacts. MCA is increasingly used in combination with GIS spatial multi-criteria analysis (SMCA) [23] .
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Study Area
The Trnava study area ( Figure 3 ) has typical western Slovak agricultural landscape. Administratively, it consists of the Trnava town, surroundings, and 45 village areas. This covers 741 km 2 with 131,167 inhabitants, thus ranking as a medium-sized Slovak district.
Agricultural land covers 53,107 ha and 71.6% of the district area as the dominant landscape element. Up to 93.1% of this is intensively utilized as large-block arable land, with cereals dominating the central and south part of the study area. Forests cover 13,190 ha, 17.7%, and these areas are mainly in sub-mountain villages in the northern part of the area under the Small Carpathian Mountains (Malé Karpaty) Protected Landscape Area. Industrial sites are mainly situated in the Trnava township surroundings, where Peugeot and Samsung complexes have recently been constructed with good transport accessibility and proximity to the capital, Bratislava. 
Results
Landscape Features and Proposed Limits
Analysis provided a set of study area maps identifying the abiotic, biotic, and socioeconomic conditions. Superimposition then established the geo-ecosystem and allowed us to determine environmental limits. This determination enabled objective and scientific decision-making on locating human landscape activities. Limit-setting is very complex and time-consuming, because it demands a multi-disciplinary and synergistic approach. This approach normally begins with the existing natural conditions and societal norms, but when there is no established norm for a given phenomenon or human activity, this process must be assumed by collective experts' and stakeholders' evaluation. The determination of limiting values requires extensive collection of data on the operation of the landscape system as a complex while acknowledging its individual features. This is essential, because the implementation of human activity without conflict depends on the wide variety of environmental conditions where the activity is performed.
We divided the set of regulations enforcing limits and restrictions into the following categories:
A. Abiotic regulations are based on abiotic complexes including geo-mechanical, hydrological, aerodynamic, and soil limitations. The limits have a permanent character including the relative stability of the geological substratum and local climate, and these cannot be easily changed by technology. B. Biotic regulations are based on the biotic complexes required by living organisms. The gene pool, biodiversity, and landscape ecological stability are threatened by pressures from human activity and land use changes. C. Anthropogenic regulations result from the competitive requirements and demands of human activities which limit the development of other activities through negative effects or by simply occupying an area. These include technical, hygienic, protective, and other limits, and these indicators are relatively easier to change than in the preceding categories. Although anthropogenic regulations are applied to very serious hygienic and environmental security demands, the limits imposed can be temporary and depend on altered circumstances. D. Complex landscape regulations are based on the principles of landscape functioning as a complex. They include eco-stabilization, localization, carrying-capacity, behavioral, aesthetic, and cultural-historical limits. These limits are very dynamic as they result from principles of the operation of landscape as an entity and the set limits must strictly respect its historical development.
Landscape limits and restrictions are not isolated but act synergistically, so that the locality of given human activity can be limited or restricted by two or more factors. The determination of limiting and restricting factors for a given activity proceeds from the evaluation of the functional relationships between landscape elements. These center on combining the abiotic, biotic, and socioeconomic complex with requested human activity. Moreover, the process of creating regulations is most frequently performed in conjunction with decision-making tables (Table 1) , and this defines three degrees of availability for performance of human activity on an area; acceptable, limited, and restricted activities. 
acceptable activities I, T, F, G/A, O F, G, P, V, C, A, O, GS, I, T I, T, F, G/A F, G I, T, F, G/A, FA F, G, I, T/O, A F, G/-F, G, M/V, C, A, O, GS, R, S
Legend: L-environmental limit (limited activities); 0-environmental restriction (restricted activities); 1-acceptable activities.
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The determined values and indicators which significantly limit the intensity of a given activity in an area are restrictions and not absolute exclusion. Examples here are; (1) the size of protected areas limits, but does not restrict, the development of recreational space, and (2) although agricultural production is not excluded in areas with water resource protection, its intensity is considerably restricted by recommended crop structure, chemical use, and mechanization.
The Impact of Land Use Changes
Landscape-ecological evaluation of current land use aims to define landscape-ecologically problem areas where the present land use does not correspond to the criteria. This identifies areas where the present land use is restricted by landscape-ecological limits. Current knowledge [24] enables us to identify the following most significant changes in the study area and interconnected problems.
• Conflicts between the socioeconomic development of nature protection; (1) building stones are extracted in the Small Carpathian Mts. Protected Landscape Area. Extraction is profitable only for entrepreneurs and the employment rate is insignificant. It is therefore deemed necessary to eliminate these mining activities in the protected areas; (2) recreational areas have been developed in the Small Carpathian Mts. and in the Trnavske rybníky fishponds Protected Area. Planned tourist attraction there can negatively affect the natural landscape and especially the avian population. This presents conflict between economical development and nature protection.
•
Conflicts in socioeconomical development and natural resource protection; (1) there is competing interest in industrial development and the protection of the most fertile Trnava soils. The recent building boom has appropriated 'green fields', with the best quality soils to be used for industry, industrial parks, and housing, while many existing industrial sites lay abandoned with decreased economic value. It would be advantageous for sustainable development and regional economics if these abandoned sites were refurbished and re-used instead of expanding the industrial occupation of ecologically-valuable green fields; (2) intensive agricultural practices have led to both surface and underground water endangerment; and (3) inappropriate soil management promotes soil degradation, including compaction and erosion.
• Conflicts in nature protection and society; for example, protected areas for hygienic water resource protection and other protective zones limit the land use of some areas. These zones require essential limits in socioeconomic and urban development, including inappropriate property acquisition and utilization rights. However, unsatisfactory compensation and loss of profit create competing interests between nature protection and social justice, and this conflict requires urgent solutions.
• Conflicts in socioeconomic development and environmental quality; while industrial operators are significant employers, fundamental regional economics compete with extreme environmental load. It is currently impossible to close industries because of significant unemployment and regional economical efficiency. It is therefore essential to promote effective technology which limits contaminant production and ensures sustainable development.
Proposal for Sustainable Land Use Management
The aim of the proposal for optimal land use is to eliminate all problem areas, to anticipate possible new problems, and to create a structure harmonious with the territory's natural and socioeconomic conditions. Here, decision-support methods and tools such as multi-criteria analysis (MCA) and spatial multi-criteria analysis (SMCA) help achieve complex choice settings. These tools collect, organize, and analyze information which supports discussion and value elicitation and enables a better understanding of the implications of different options in sustainable land use (Figure 4 ). We developed the proposal for sustainable land use management from analysis, synthesis, limit setting, and conflict identification ( Figure 5 ). Moreover, we defined the following principles of limit-setting, which can be generalized for other areas:
• Abiotic conditions are the determining factors in a given area's diversity. They establish appropriate area utilization. The abiotic elements' permanent and unique attributes become determining factors in human development.
• Land use management must reduce the risk factors in sensitive localities which are otherwise predisposed to anthropogenic degradation processes including erosion, subsidence, landslides, and earthquakes.
•
It is essential to support development in NATURA 2000 protected territories and ecologically valuable areas of stability. This enables scientific and medical research centers, which encourage appropriate recreational areas and reduce threats to natural landscape units.
• Similarly, the development of human activities with negative impacts must be excluded in areas where natural resources are legally protected, and explicit priority must be given to developing activities which protect individual natural resources.
• All detrimental activities must be excluded from sensitive areas with strong pressure burden. These include areas with air-pollution, soil or water contamination, and noise pollution.
• Areas without pressure loads should be maintained free from activities which can harm current living quality. These areas are suitable for high-quality living development with adequate agricultural, ecological, and recreation services.
The following outcomes result from this decision-making process:
• Selection and exclusion of activities which cannot be located on a given area because of possible landscape-ecological harm.
• Selection and restriction of activities which can be conducted on an area, but which can cause landscape-ecological damage if unrestricted.
• Selection of a hierarchy of activities which maintain the area's optimal landscape-ecological function.
• Selection of complex measurements required to protect the area's nature, natural resources, and environment.
This requires the implementation of effective technology for the following: eliminating excess production of polluting substances, minimizing the allochthonous and other contaminant substance effects on environmental elements, and applying appropriate maintenance technology in agriculture and forestry. We developed the proposal for sustainable land use management from analysis, synthesis, limit setting, and conflict identification ( Figure 5 ). Moreover, we defined the following principles of limit-setting, which can be generalized for other areas:
Land use management must reduce the risk factors in sensitive localities which are otherwise predisposed to anthropogenic degradation processes including erosion, subsidence, landslides, and earthquakes.
Similarly, the development of human activities with negative impacts must be excluded in areas where natural resources are legally protected, and explicit priority must be given to developing activities which protect individual natural resources.
All detrimental activities must be excluded from sensitive areas with strong pressure burden. These include areas with air-pollution, soil or water contamination, and noise pollution.
Selection of a hierarchy of activities which maintain the area's optimal landscapeecological function.
This requires the implementation of effective technology for the following: eliminating excess production of polluting substances, minimizing the allochthonous and other contaminant substance effects on environmental elements, and applying appropriate maintenance technology in agriculture and forestry. 
Discussion
Sustainable land use management remains a hot topic because it focuses on actual problems and ensures the integration of the natural, cultural-historical, and socioeconomical resources of a given area. Appropriate land use management arises from the necessity to solve both environmental and human existential problems. These include impacts associated with climate change, effects on health and extreme events, such as flooding, which can arise from the prevailing strategies employed in land use and protection [25, 26] . An integrated approach to sustainable land use management helps resource users, managers, and stakeholders to manage resources sustainably by considering, reconciling, and synergizing conflicting interests and activities.
Sustainable land use management must be based on recognizing landscape as an integration of natural resources in an individual area. Each point on the Earth's surface presents a specific homogeneous entity of these combined sources. These form the landscape components and its features which satisfy human needs. Understanding the relationship between these natural resources is required to ensure sustainable land use by society. However, it is impossible to satisfy all competing aims, and dangerous to promote the land use and protection of one resource at the expense of another. An example here is the application of intensive soil use in areas with significant groundwater while ignoring the high risk of water contamination. Schulte et al. [27] support this supposition, stressing that the main global policy challenges today are the efficient and prudent use of the world's natural resources and managing the conflicting demands on land use. Labuda [28] and Surova et al. [29] add that sustainable land use must be linked with multi-functionality. This rationale addresses the interdependence of social, economic, and environmental effects of land use, with appropriate consideration of existing commodities and negative and positive external factors. Land and the rural environment provide a variety of functions, with their goods and services covering information, habitat, production, and regulation. Therefore, modifying the landscape to increase multi-functionality and reduce trade-offs with concurrent services will enhance sustainability in human-dominated landscapes [30] .
The proposal for optimal land use is based on multi-criteria analysis of the natural capital, represented by the natural resources and environmental condition of the region, as well as demand represented by the community needs for development. Conflict between supply and demand which lacks respect for landscape resources is the determining factor in both environmental and human problems [31] . The proposed approach focuses on overcoming the stated difficulties by eliminating current environmental and socioeconomic problems in addition to preventing new ones. Miklos [17] agrees that this positive action will secure rational long-term utilization of natural and cultural-historical resources, and other authors [32] highlight that the proposal of eco-stabilizing elements must form part of the planned measures for both the agricultural landscape and urban areas.
The application of sustainable development principles in practice contributes to eliminating environmental problems and harmonizing intensified socioeconomical development and natural resources in a given area. This methodological approach to optimal land use has been applied in sectors of Slovakia and in other countries. The most practical result of the agricultural landscape-ecological evaluation is based on the suitability of using abiotic complexes on selected study area crops [33, 34] . The conceptual framework for the quantification of supply and demand in agricultural soil-based ecosystem services is taken from Irish agriculture. This involved a case study with proxy-indicators determining the demand for individual soil functions [27] . The localizing precondition of tourism development was then evaluated using complex landscape-ecological geo-database data, land cover, selected morphometric indicators, selected town-planning, and demographical and socioeconomic indicators [35, 36] . The pressures were found to be greatest on urban ecosystems, with high population density and multiple activities with different influences on the environment. These can cause unpredictable responses to environmental quality [37] . Investment in conservation, restoration, and sustainable ecosystem use are increasingly considered a "win-win situation" which generates substantial ecological, social, and economic benefits [9] . The optimal landscape-ecological solution for spatial land use is the major outcome of sustainable land use management. This comprises an initial proposal of the most suitable localization of demanded human activities in the given territory, and a subsequent proposal of measurements which ensure the activities' appropriate environmental functioning in that locality. This answers the questions of how and where to provide human activities in the territory that would least conflict with the natural conditions, and how to apply them in the most suitable land use management methods to reduce natural risks and hazards [38] [39] [40] . The solution to environmental problems and sustainable land use has (1) aspects of spatial organization, which provide optimal land-use, and (2) aspects ensuring technical expertise in landscape ecology.
The application of limits is most important, because they form the basis for optimal landscape-ecological decision-making processes in land use. The limits are applied to both evaluating the territory's current functional use and establishing proposals for optimal allocation and management of the many different land use options [38, 41, 42] . Multi-criteria decision analysis determined the multiple well-being dimensions of ecological, economic, cultural, and moral aspects of policy and management problems [43, 44] . Complex spatial multi-criteria analysis planning with modeling then created quality outcomes which helped identify impacts on both the environment and residents. These outcomes also have an important function in the decision-making and draft measure phases which mitigate negative impacts on the environment [45] .
Conclusions
This paper presents the integrated approach to land use management based on limit-setting and other regulative measures, which we developed as a basis for the decision-making process. It can be used to process development documents and strategies from the local scale of cities or municipalities to the regional scale. Integrated land use management is based on landscape research in three basic dimensions: environmental, social, and economic, as well as on examining their interrelationships and contexts. In particular, economic and social benefits are directly dependent on an organization's property including land use, ownership, and other rights, without which any planning activity in the landscape is practically impossible. Our presented method can contribute to the improvement of existing methods of land use assessment, such as land consolidation or the territorial system of ecological stability [46] [47] [48] . These methods are aimed at efficient land use and a new land arrangement in accordance with the conditions for improving the environment, soil protection, water management, increasing the ecological stability of the landscape, and improving the quality of rural life. The successful application of sustainable land use management requires multiple social measures at all levels of legislation, economic outcomes, education, and teaching. Successful sustainable development in actual practice demands the following essential measures:
•
The regulations for optimal land use must be applied to sector plans-it is unavoidable that the regulated use of particular resources by production and non-production entities favors the development of one area over another and/or fails to avoid conflicts of interest.
The principles of sustainable development should be implemented with as much population awareness as possible, especially for stakeholders and policymakers-this requirement is based on creating an effective system of education in sustainable development and land use management, because adequate education enhances public acceptance of the principles and criteria for practical sustainable development.
To ensure the promotion of effective tools for legislative protection and economic outcomes, it is essential that legislative rules and regulations support the rational use of natural resources and protect both the environment and human health. Economic tools such as taxes, duties, and fees support both decision-making and sustainable landscape-ecological policy. Fines imposed for inappropriate land use, environmental pollution, human health endangerment or injury, and breach of regulations help eliminate environmental problems. Finally, subsidies from rural development programs and other sources help reduce marginality and social disparity in rural communities.
